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& (57) Abstract: An organic rankine cycle system includes a sensor for sensing a condition indicative of pressure within the system
& and a control which responsively provides heat to said system when the pressure within the system is sensed to be at a predetermined

threshold, near ambient pressure, during periods in which the system is shut down or preparing to operate. Provision is also made to

O remove the heat from the system when the pressure therein rises to a predetermined higher pressure threshold.
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Dynamic Leak Control for System with Working Fluid

Technical Field
[0001] This disclosure relates generally to closed loop systems with a
pressurized working fluid, and, more particularly, to a method and apparatus for

preventing the migration of contaminarit gdsés into the system during shut down.

Background of the Disclosure:

[0002] Closed loop systems often contain a working fluid with properties
specific to the successful or efficient operation of the equipment. The working fluid
properties may be degraded by the addition of foreign particles. Closed loop
systems generally operate-at elevated pressures relalive to ambient pressure. This
ensures that leaks propagate out of the system during operation. During system
shutdown, this scenario may be reversed with the closed loop system pressure at or
below ambient pressure. As-a‘result, molecules such as oxygen:and nitrogen may
migrate into-the system. These pollute the working fluid and negatively. ifnpact.the
subsequent-opération and efficiency of the system.. Currently, related systems
require a purge device that eéxtracts the system pollutants from the working fluid.
[0003] One such closed loop system is that of an organic rankineg cycle
system which includes in serial flow relationship, an evaporator.or boiler, a turbine,
a condenser and a pump. Such a system is shown and described in US Patent

7,174,716, assigned to the predecessor of the assignee of the present invention.

Disclosure

[0004] In accordance with one aspect of the disclosure, a heat source is
operatively connected to the evaporator and has a control which is responsive to a
condition sensor for maintaining the pressure in the system above a predetermined
threshold.

{0005] [n accordance with another aspect of the disclosure, a process of
preventing migration of impurities into a closed loop system during shut down

includes. the steps of sensing the pressure in the system and responsively operating a
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heat source so as to maintain the pressure in the system above a predetermined
threshold.

[0006] In:the drawings as hereinafier described, a preferred embodiment is
depicted; however, various other madifications and alternate constructions can be

made thereto without departing from the spirit and scope of the disclosure,

Brief Description of the Drawings.

[0007] FIG. 1 is a schematic illustration of an organic:rankine cycle system
with the present invention incorporated therein.

[0008] FIG. 2.is a graphical illustration of the manner in 'which the préessure
is controlled in-accordance with the present inventiosi.

{0009] FIG. 3 is a schematic illustration of an organic rankine cycle system

with‘a modified embodiment of the present invention incorporated therein,

Detailed Description of the Disclosure.

10010) Shown in Fig. 1 is an organic rankine-cycle system which includes, in
serial working-fluid-flow relationship, an evaporator 11, a turbine 12, a condenser
13 and a pump 14. The working fluid flowing therethrough can be of any suitable
refrigerant such as refrigerant R-245fa, R134, pentane, for example,

[0011] The energy which is provided to drive the system is from of a
primary heat source 16 by way of a closed loop which connects to the evaporator 11
by way of lines 17 and 18. A valve 20 is provided to turn this flow on or off and
may be located either upstream or downstream from the heat exchanger 16. The
primary heat source 16 may be of various types such as, for example a geothermal
source, wherein naturally occurring hot fluids are available below the surface of the
earth. The-temperatures of such geothermal sources are generally greater than 150-
F, sufficient to operate most working fluids - well-above atmospheric pressure.
10012} Afler the working fluid-is hcated in the evaporator 11, it passes-as a
high temperature, high pressure vapor to the turbine 12 where the‘energy-is
converted to motive power. The turbine 12 is dtivingly attached to a.generator'19

for generating electrical power that then passes to the grid 21 for further distribution.
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|0013) After passing (o the turbine 12, the working fluid, which is now a
vapor which is at a reduced temperature and pressure. vapor, passes to the condenser
13, which is.fluidly connected toa cooling: water source 22 by lines 23 and 24. The
condenser 13 functions to condense the working fluid.vapor-into a liquid, which then
flows along line 26 to the pump 14, which then pumps the.liquid working fluid back
to the evaporator 11 by way of line 27.
[0014) During normal operation of the above described organic rankine
cycle-system, because of the energy added by the primary heat source 16, the
working fluid always remains at a pressure substantially greater than ambient
pressure. However, during sclected periods of time, such as during oil warm up or
when the system is shut down, such as, for example, during periods of maintenance
and/or repair, then the working, fluid therein slowly cools and eventually may reach
ambient temperature. At this point, because of the. thermodynamic properties of the
working fluid that relates temperature and pressure of a saturated system, the
pressure within the system will tend to further decrease to a level below ambient

~ pressure. This low pressure condition will then allow the migration of
contaminating gases, such-as oxygen and/or fiitrogen, to migrate into the system
from the atmosphere. The present disclosure:is intended to prevent such a migration
from occuirring;
[0015] In one form of the disclosure, a sensor 27 is provided to sense a
condition indicative:of pressure in the system, such as the-temperature or pressure
within the evaporator 11, and tosend a responsive signal along line 28 to a control
29. Conirol 29 is connected by a line 31 to a valve 32 with the valve 32 then Be_ing
operated by the control 29 in response to the sensed temperature/pressure in such a
manner as to:maintain the temperature/pressure. in the evaporator 11-at a level which
will remain above the ambicnt pressure/temperature and therefore prevent the
migration of unwanted gases-into-the system during periods ‘of shiit down.
[0014] Referring now to Fig. 2, the pressure within the system is:shown as a
function of time in which the system is operating normally and then is shut down,
with the present invention then operating to prevent migration of the gases into the:

system.
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[0017] As will bé seen, at time t; the system . is-operating normally such that
the pressure is at Py. Further, at time t,, the system is shut.down and the pressure
begins to decline, and at time ty, reaches a threshold level of Py, which is lightly
above the anticipated ambient pressure P for the environment of the warming
system. When this threshold pressure is reached, the sensor 27 signals the control
29 which then opens the valve 32 to provide heat to the evaporator-11 to lthereb;y
cause the pressure in the system to be gradually increased.

[0018] At time t, a second threshold of pressure.€quals.P; and the control 20
then responsively moves. the valve 32 to a fully closed or at least a partially closed
position. The pressure of the system is then gradually reduced such that attime ts it
again reaches the lower threshold of P; wherein the control 29 again opens the valve
32 to add heat to the system. At time tg, the control again moves the valve. 32 to a
more-closed position. This cycle is repeated so-as to maintain the system at a
pressure above that of ambient so'that migration of gases into the system-is
prevented during shut down. When normal operation resumes, the control 29
remains in-an inactive condition until called on to be activated by the sensor 27
when, for cxample, the system is again shut down,

[0019] An alterative embodiment is shown in Fig. 3 wherein a sensor 33
senses the pressure within the condenser 13 rather than within the evaporator 11. In
this regard, it is recognized that during the period following shut down, the pressures
in the evaporator 11 and in the condenser 13 tend toward equalization since they are
only separated on one side by the pump 14 which provides nearly complete.
restriction between the two, and on the other side by the turbine 12 which provides
only a partial restriction belween the two tanks.

[0020] Another alterative is to.use a supplementary heat source 36 rather
than the primary heat source 16 during periods of shut down. Such a supplementary
heat source might be steam or hot water from a source other than the primary heat
source 10, or it ' may be by way of an electrical resistance heater. Similar to the Fig.
1 embodiment, the sensor 33-sends a signal to'the control 34 which then
responsively operates the supplementary heat source 36 to maintain the pressure in

the system above the ambient pressure during shut down.
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[0021] As another alleralive, to ensure-that the two tanks i.e. the evaporator
11 and the condenser 13, are maintained at substantially the same pressure during
pressure shut down, the two may be selectively fluidly interconnected by way of a
line 37 and valve 38, with the valve 38 being controlled by way of the control 34.
10022] While the:present invention-has been particularly.shown and
described with reference to preferred-and modified embodiments as illustrated in the.
drawings, it will be understood by onée skilled in the drt that various changes in detail
may'be made thereto without departing from the spirit-and scope of the disclosure as

defined by the claims.
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We Claim:
1. A method of preventing migration of gases into a closed loop organic
rankine cycle system during selected periods of time comprising the steps of:
establishing a threshold pressure to be maintained in the system in order to
prevent. migration of gases thereinto when the systém is in a shut down condition;-
providing a sensor for sensing a characteristic indicative of the pressure
within the system during such periods; and
wherein said threshold pressure is sensed, providing heat to said system to
cause the pressure therein to rise above the threshold pressure so as to prevent

migration of gases into the system.

2. A method as set forth in claim 1.wherein said sensor is a pressure

SEensor.

3, A method as set forth in ¢laim | whérein the condition sensed is in

the evaporator of the system.

4, A method as set forth in claim | wherein said established threshold is

above the anticipated external or ambierit pressure relative to the system.

5. A method as set forth-in claim 4 wherein said threshold pressure is

slightly above the anticipated external or ambient pressure realative to the system.

6. A method as set forth in claim 1 wherein the step of providing heat is
by way of a primary heat source, which i a heat source used during normal

-operation of the organic rankine:cycle system.

7. A method as set forth in claim 1 wherein the step of providing heat to
the system is by way of a secondary heat source, which is separate from the heat

source used in the normal operation of the organic rankine cycle system.
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8. A method as set forth in claim I and including the further steps of:
-establishing a second higher threshold pressure; and when the sensed pressure.in the

system reaches-said second higher-threshold, removing heat from the system.-

9. A ‘method as set forth inclaim: 1’ wheréin the:condition sensed is:in

the condenser.

10. A method as sct forth in claim I and including the further step of
fluidly interconnecting an evaporator and a condenser-of the system when said

threshold pressure is'sensed:

11.  Anapparatus for preventing migration of gases into.a closed loop
organic rankine cycle system during periods of shut down, comprising:

asensor for sensing a condition indicative of pressure within the system
during period of shut down;

a heater for-selectively;providingz heat to said system during periods of shut
downj; and '

a control responsive to said sensor to cause said heater to provide:heat o said

system when:the sensed pressure reachies a predetermined lower threshold Tevel.

12.  ‘An apparatus as set forthin claim 11 wherein said sensor is a pressure

Sensor.

13.  Anapparatus as set forth.in claim 11 wherein said sensor is

connected to sense the condition within the evaporator.

14.  Anapparatus as set forth in claim 11 wherein said predefermined

lower threshold is a pressure above the anticipated-ambient pressure:of the system.

15. An apparatus:as set forth in claim 4 wherein said threshold is slightly

above the anticipated ambient pressure of the system.



WO 2009/085048 PCT/US2007/089041

16.  Anapparatus as sel forth in claim 11 wherein said heat source
comprises a primary heat source that is used during normal operation of the organic

rankine cycle system.

17.  Anapparatus as set forth in claim 11 wherein said heat source is a
secondary heat source which is different from a primary heat source which is used

for normal operation of the.organic rankine cycle system.

18.  Anapparatus as sét forth in claim 11 wherein said control is
responsive to a second threshold, higher thansaid first thréshold, for removing the

heat from said system.

19. An apparatus-as set forth in claim 11 wherein said condition sensed is

n the condenser of the system,

20.  Anapparatus as set forth in claim 11 and including a fluid connection
between a condenser and an evaporator of the organic rankine cycle system made

response to-the control when said first threshold is sensed..
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